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To examine AML and stem cell diversity, Heuser and colleagues develop a novel murine model that closely mimics aggressive human AML and demonstrate an essential role of Stat5 in leukemic stem cell renewal. I t would be simpler to develop novel molecularly targeted therapies if the molecular genetic abnormalities in acute myeloid leukemia (AML) cells were simple and consistent. Sadly, they are not. Diverse molecular defects account for this disease in humans. In the most aggressive cases, the chromosomal and genetic abnormalities are highly complex. This challenging state of affairs is further complicated by the fact that molecular events involving an oncogene do not always mean that the oncogene is playing a dominant role in the leukemogenic process. Reliable functional studies on AML cells and, more importantly, the leukemic stem cell (LSC) first identified by Griffin and Lowenberg 1 are required to validate the cause-and-effect relationship between the disease and specific genetic alterations. Furthermore, they are required to develop truly targeted therapies. In this issue of Blood, Heuser et al present and validate a model accomplishing these goals. Using this model in assessing leukemogenesis, they find that leukemic cells produce results that can differ substantially than when using a strategy that quantifies effects specifically on leukemiainitiating cells (LIC) 2 (see figure) .
Specifically, the authors ectopically overexpressed oncogenes commonly mutated in human AML (MN1; ND13 or HOXA9) and injected them into recipient animals. The leukemogenic potential of the transduced cells was quantified in the 1-(MN1) and 2oncogene (MN1 ϩ ND13) models using limiting dilutions of the transplanted cells. The prevalence of recipient leukemias at limiting dilutions and the frequency of LIC were substantially greater in the 2-oncogeneexpressing cells compared with the one. The importance of using limiting-dilution analyses was demonstrated by subsequent experiments that showed that when nonlimiting dilutions (a large number of bulk AML cells) of the 1-and 2-oncogene cells were injected, there was no difference in latency of leukemia development. Thus, studies in standard mouse models, which do not employ quantification using limiting-dilution assays, may mask potential differences in disease phenotypes, particularly in studies that test the effects of somatic mutations on the function of leukemic stem cells. Interestingly, passaging of transduced cells ex vivo (6 days) or in vivo (serial passaging) proportionally increased LIC frequency in the 2-oncogene cells more than in the 1-oncogene cell. The authors hypothesize this results from increased LSC self-renewal capacity of the 2-oncogene cells. However, they have not ruled out the alternative hypothesis that 2oncogene cells rapidly acquire additional genetic alterations that increase LIC frequency and expansion capacity, new functions that might not be attributable solely to the transduced genes. The use of cell-cycle phase-1-and 2-oncogene murine models of AML. Bone marrow cells were transduced with indicated oncogenes and injected at limiting dilutions, at nonlimiting dilutions, or after serial passaging. For personal use only. on June 11, 2017. by guest www.bloodjournal.org From specific agents ex vivo or other related experiments using this model could possibly distinguish one mechanism from the other.
The development of heterogenous AML (and LSC) models allows characterization of corresponding molecular changes that mediate disease relapse and aggressiveness. The correlation between STAT hyperactivation and AML has been well documented. 3, 4 In the different 2-oncogene models (MN1 ϩ ND13 or MN1 ϩ HOXA9), Heuser et al found that cell growth was stimulated by GM-CSF, which, in turn, induced hyperphosphorylation of Stat5 and Stat1. To examine the requirement of these 2 genes in LSC expansion and proliferation, genetic models (Stat1 Ϫ/Ϫ and Stat5 Ϫ/Ϫ mice) were used. Stat5b deficiency in the 2-oncogene-expressing cells (MN1 ϩ HOXA9), and to a lesser extent Stat1 deficiency, suppressed both GM-CSFinduced growth proliferation in vitro and LIC frequency in vivo. Thus, Stat5 up-regulation appears to enhance LSC self-renewal and provides further rationale for utilization of STAT5 inhibitors in treatment of human AML, as has been proposed by a variety of groups. It should be noted that although LIC frequency and proliferation of the 2oncogene-expressing cells was significantly reduced in Stat5 Ϫ/Ϫ mice, the cells remained leukemogenic, demonstrating that targeting of the STAT5 pathway will likely be insufficient to treat AML. Clearly, in light of the recently reported role of Stat5 in maintaining quiescence of normal hematopoietic stem cells, 5 trials of such agents should be attended by careful companion studies seeking to validate effects on the target cell population and the nontarget population as well.
Murine models of AML (and human malignancies in general) have been limited by problems: either the genetic alterations used to initiate the malignancies in mice are not commonly found in human cancers or inactivation of homologs of human cancer-causing genes in mice does not replicate the disease phenotype. However, in this manuscript, the 2-oncogene model is indeed relevant to human AML. The group found that these same 2 oncogenes (MN1 and HOXA9) were concomitantly altered in the most aggressive and most cytogenetically unstable human AMLs and also linked this subset of AML to the highest levels of STAT activation. The group has developed an important and relevant model of poor-prognosis AML. It should ultimately allow direct testing of rationally designed agents that will effectively target LSCs without negatively influencing nonleukemic stem cells and progenitors.
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MAL: not just a leukemia inducer
The MAL gene has been described as an inducer of leukemia. In this issue of Blood, Gilles and colleagues report MAL's new role in proplatelet formation. 1 T he megakaryoblastic leukemia 1 (MAL) gene, which encodes a transcriptional coactivator of serum response factor, has been widely studied in the context of its translocation and fusion with the gene encoding one-twenty-two (a chromosome 22 encoded protein fused in 3Ј with RBM15(OTT1) located on chromosome 1), leading to acute megakaryoblastic leukemia (AMKL, M7). 2, 3 As described in this issue of Blood, Gilles et al show that MAL controls megakaryocyte migration and proplatelet formation. 1 First, the authors demonstrated that MAL expression increases during the late differentiation steps of neonate and adult human megakaryopoiesis. The subcellular localization of MAL is regulated through its association with globular actin, and the modification of actin by the Rho pathway results in the nuclear accumulation of MAL. 4 In accordance, following Rho GTPases activation by adhesion on collagen I or convulxin, MAL localized into the nucleus. To examine the significance of this cellular expression and localization, MAL was knocked down in megakaryocyte progenitors, leading to a reduction in the percentage of cells forming filopodia, lamellipodia, and stress fibers after adhesion. MAL down-regulation resulted in dysmorphic megakaryocytes with disorganized demarcation membranes and alpha granules heterogeneously scattered in the cytoplasm. Considering that these properties are known to affect proplatelet formation, the investigators next measured proplatelet generation, establishing a function for MAL in this process. This finding further supports a role for the actomyosin cytoskeleton in proplatelet formation, in addition to the wellestablished importance of the microtubules in proplatelet formation. 5 To explore mechanisms associated with effects of MAL on proplatelet formation, the authors examined gene expression, which showed a decrease in the levels of MMP-9 and MYL9 expression in MAL-down-regulated cells. Luciferase assays in HEK293T cells and chromatin immunoprecipitation in primary megakaryocytes demonstrated that the MAL/ SRF complex directly regulates myosin light chain 9 (MYL9) and MMP-9 in vitro. The authors focused on these 2 factors, among others regulated by acute myeloid leukemia (AML), because of their known effects on cell migration. Indeed, megakaryocytes migration in response to SDF-1 was decreased following MAL knockdown, potentially implicating MMP-9 as a mediator of the effect of MAL on migration. Phosphorylation of MYL9 has already been reported to activate MYH9 and to negatively regulate proplatelet formation in normal MK. 6 Here, Gilles et al showed by application of MYL9 shRNA that MYL9 is involved in proplatelet formation.
In the future, it would be interesting to address differences between mouse and human models, in light of the thrombocytopenia For personal use only. on June 11, 2017. by guest www.bloodjournal.org From
